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Section 


Information contained in this report has been developed for the 
guidance of employees of the Forest Service, U.S. Department of 
Agriculture, its contractors, and its cooperating Federal and State 
agencies. The Department of Agriculture assumes no responsibility for 
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The use of trade, firm, or corporation names is for the information 
and convenience of the reader. Such use does not constitute an 
official evaluation, conclusion, recommendation, endorsement, or 
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FOREWORD 


This report is published as a part of a USDA Forest Service program to 
improve the aerial application of pesticides, specifically by using pesticides 
and delivery systems tailored to the forest environment. The program is 
conducted jointly by the Equipment Development Center, Missoula, Mont., 

and Forest Pest Management Staff, Washington Office at Davis, Calif., 

under the sponsorship of State and Private Forestry. 


Details of the aerial application improvement program are explained in two 


Forest Service reports, A Problem Analysis: Forest and Range Aerial Pesticide 
Application Technology (Equipment Development Center Rpt. 7934 2804, July 1979, 


Missoula, Mont.) and Recommended Development Plan for An Aerial Spray Planning 
and Analysis System (Forest Pest Management Rpt. FPM 82-2, February 1982, 
Davis Caitt.) . 


When planning an aerial spray operation it is necessary to predict the 
dispersion of the droplets comprising the spray. Because of the great 

range of droplet sizes the accurate prediction of the dispersion requires 
the use of two methods of prediction. The prediction of the dispersion of 
the smaller size droplets is accomplished by using a diffusion model. Such 
a model assumes the droplets are diffused throughout the air much like smoke 
or steam in the atmosphere. The spread of larger droplets is accounted for 
by using a trajectory type model that takes into account the aerodynamic, 
aircraft, and gravitational forces acting on the droplets. 


Because of evaporation the overall size of the droplets decreases as the 
droplets fall. Thus, a complete description of the dispersion of a 

spray would require a particle trajectory model to describe the early time 
history of the dispersion and a diffusion model to describe the later time 
history when the droplets are very small. 


The procedure for using such models would then be: 


a. Use the trajectory model to predict the early time history of 
the droplets; and 

ba Use the results of the trajectory model as input to the diffusion 
model, which would then enabie the prediction of the later time history 
and the deposition pattern. 


Computer programs based on the models have been developed. The diffusion 
model requires as input a specific mathematical representation of the 
distribution of the droplets. Because the trajectory model code does not 
directly provide for this specific representation, another code, called the 
AGLINE code, has been developed to transform the output from the trajectory 
code into the desired form. The accuracy of the transformation is measured 
by a figure of merit, FOM, which specifies how closely the output of the 
trajectory code is the required mathematical representation. 


When the results of the particle trajectory code are such that the FOM has 
achieved a specified numerical value, the output from the AGLINE code is 
suitable for use as input to the diffusion model. 


This report discusses the compatibility and/or suitability of various 
values of the FOM in providing satisfactory input to the diffusion model. 
The report also presents an overview of each model and the role each model 


plays in the dispersion process. 


nas hel 




















































psivied teoned Ade «2 Jo Jang 2 BA befiatidug eb 9 








: si vyilesatit 2 -eGblotseeq lo woiteobiqgs isizss ort 1 svor 
 @ a) : ‘vine Jeeto? sf? of becolied aaszaye yaeve a ; 
30M qaal™ ‘tau fraerqgolsvs? tnseqtup? ods yd vlantet: bass 

~9t Lab ; solgnrides® ,i%tnJ2@ IneeteyenaM Jes] Jua7e wet 
{ao% syavitt bas oijn5@ 6 gidetoanoga & 3 
y 
yaovo rim ont iilege letien ad2 to 2 le 
tuvisnA noid ai & .mrtoge7 esivis®- ies 
: , rag -_ b love ime tops) ygolc onset motte tou 
: i maogaieved bob weqgoous bra (. (. shroM -alu oy 
+ ‘ ‘ 7 + ’ ‘ ih } q ; (S35 or J msieyve . ete lank 
tile 
1 
Ys pit5mge vexqe Letiss mB gatnasiq a 
“vax -altnmoo efolgoth odd Yo nolereqs 
1 oltotbesaq sdaivoon af9 astie Jolqorb 7 
| sibetq off .eotdolestq Jo wborltem ows lo 68 de 
teu yd befatiquos, al atelqorh asie rellage)) 
tuedgucid? beextiis e968 saelqomb eda easaveas Lobes 
: snisl lo basuge sf .s¥adqeamss oi ot masta 
tmecyoo rs ‘{ tawooss cjot eoing tend Leb eyes yretostess 6s gniteg 
‘ajelgorb ols oo galsog esoto? faseilgetivarg bon ,3 134 


-_ - 
2isiqorb oft Yo sate Lletsve 642 gsefsstoqave 7a. 
| 43 120 moisqizsesd — & ,e0dt .tisi ez: 

ab a) (ebom yrosos(s17 sishtsaq @ stiupet bluow 4 

ash oF Lobwn nolewt?tb es bas mOleregerb edt Yo £19; 
ay ama YIS¥ sis a2elqoub oda A 503 


- 


-od usd bivow elebom dows pgoler zo owbsa03q 


16 | sati yfiape edt Jolbatq o3 Lebou yrosselaq3 ‘ods. 920 
bas a2 4g ox 


poieulith sis juqnl ag isbom ytoJo9tes7 eit) lo ativesz sid sev 
“a az sel a2 ta aolioibearg sd3 »ldana nont3 bivow_. de 


; TOS 38G | aot bec 
sveb need oven elsbom sz ac boasd pace 7 7 
) col titjnseaiqet Isolismedjam attioege s tuqakt gee upst 


bey . baryols 


390 Bow! re an wrod outers a3 seumoed -etelqozb ar : io 8 ‘ duc 
wi? bellay., shoo tafforme (HOLISINDESTESY albbioege. eld? 103 : si an 3 
YIns2eteaTs) & aoc) juqdua edd mroYaners oF bagolsvab ze a a 


rove ime 3° on 


2: 
safes aac 


bevreesm 2! oosiourolanys ef3 49 yYoeduIe oat | sere on ab otk 
mj to auqjuc of3 yeleeake wor asttioogs fal f ] 
| Mok Int ~~ fans scaeeiee po" ty 


eed MOX sie tan! dou at0 shoo qiodast 
22 ebua WIA od mont i insy 


_ euotgav Yo qaitlidey, ue" $a om 
-lsbos poranttkh 982 oF Inge ane 
Isbom Aqee 2 sfox mitt bani 2 abo , 
a Es a) wae : 7 - a 


i oe 
: > ara 
_ 7 ot | ; — 


























_ 


SECTION 1 
INTRODUCTION 


et BACKGROUND 


The U. S. Forest Service (USFS) has supported the development of 
the FSCBG aircraft spray model (Dumbauld, et al., 1980) and uses the model 
for predicting aircraft spray dispersion above canopies, the penetration of 
spray drops into and through canopies, and ground-level deposition of drops 
beneath canopies. The FSCBG model is also used to predict spray drift 
downwind from spray application areas. The FSCBG model contains an elemen- 
tary aircraft wake effects model to account for the depression and other 
features of the spray cloud caused by vortices produced by the spray air- 
craft. Continuum Dynamics, Inc. has recently developed the AGDISP code 
(Teske, 1982a) under contract to NASA for computing the motion of agricul- 
tural materials released from aircraft, predicting the mean position of the 
material in time and space, and the position variance about the mean as a 
result of turbulent motions due to wake vortices and atmospheric turbulence. 
Under an agreement between the USFS Equipment Development Center and NASA 
Langley Research Center, Continuum Dynamics has also developed the AGLINE 
code (Teske, 1982b). The AGLINE code inteprets the results of the AGDISP 
code and generates information for use in developing initial inputs to the 
FSCBG model. The purpose of the AGLINE code is to improve the treatment of 


aircraft wake effects contained in the FSCBG model. 


Tez STUDY OBJECTIVE 


The major objective of the work defined under Purchase Order No. 
43-0343-2-1312 is to review the AGLINE code output for compatibility with 
the FSCBG computer model input requirements and for applications to USFS 


spray programs. 


pe CONTENTS OF THE REPORT 


Section 2 contains summary descriptions of the AGDISP, AGLINE and 
FSCBG codes and describes a spray scenario developed for examining the 
compatibility of the AGLINE code output with the FSCBG input requirements. 
The results of calculations for the spray scenario made using the 
AGDISP/AGLINE codes and the. FSCBG code are described in Section 3. The 
conclusions of the study and recommendations for future work are given in 


Section 4, 


SECTION 2 


SUMMARY DESCRIPTION OF THE AGDISP, AGLINE AND FSCBG 
CODES AND THE SPRAY SCENARIO 


Dek THE AGDISP AND AGLINE CODES 


Both the AGDISP and AGLINE computer codes have been recently 
developed by Continuum Dynamics Inc. under Contract No. NAS1-16031. While 
user's manuals for the codes are available (Teske, 1982a, 1982b), a mathe- 
matical description of the algorithms used by the codes is not yet available. 
According to the Teske (1982a), a Lagrangian approach is used to describe 
the motion of discrete drops (or particles) released from spray booms mounted 
along the trailing edge of the wing of an aircraft in level flight. The 
drops are assumed spherical in shape. The AGDISP code predicts the particle 
motions in the aircraft wake field under the assumption that the motion is 
influenced by aerodynamic drag, forces depending on the consequences of 
evaporation and by gravity. The aircraft vortex flow field solution can be 
obtained for fixed-wing fully rolled up tip vortices, fixed-wing Betz roll 
up, propeller slipstream effects and a helicopter flow field model. The 
trajectory of drops released along the wing at up to 60 locations is output 
as a function of time until either the maximum simulation time is reached, 
all drops evaporate or all deposit on the surface. Provision is made to 
plot the drop trajectories on Tektronix 40XX terminals using CDC plotting 


commands. The program is highly user interactive. 


The AGLINE code (Teske, 1982b) uses results generated by the 
AGDISP code to generate an equivalent Gaussian distribution of drops for 
use in describing the initial distribution of the spray cloud tor the FSCBG 
model. The code reads the plot field generated by the AGDISP code and 
computes a Gaussian distribution fitted to the drop positions in space at 
selected times after the drops were released. The AGLINE code outputs the 
mean position of the equivalent Gaussian distribution, the standard devi- 
ation of the distribution and a "figure of merit". When the Gaussian distri- 
bution exactly fits the drop distribution, the figure of merit (FOM) is 


unity. When there is no correlation between the drop positions and a Gaussian 


distribution, the FOM is 0. The user must finally judge the compatibility 
of the Gaussian fit with the drop spatial distribution. The code can also 
be used to plot isopleths of the AGDISP calculated drop distribution over- 
layed with isopleths based on the fitted Gaussian distribution for user 
selected times to assist in judging the compatibility of the distributions. 
The inputs to the AGDISP and AGLINE codes selected for use in the calcula- 
tions for the spray scenarios are described in Section 3. It should be 
mentioned that it was necessary for us to modify the AGDISP and AGLINE 
codes for batch processing on a UNIVAC 1100/60 computer for use in the 
calculations. No changes were made in the basic construct of the two codes 


and the modified codes produce output identical to the original codes. 


2e2 THE FSCBG CODE 


The FSCBG computer code (Dumbauld, et al., 1980) combines mathe- 
matical transport and dispersion models for calculating the dosage, peak 
concentration and deposition downwind from aerial spray releases. The 
FSCBG code contains algorithms designed to account for drop evaporation, 
canopy penetration and, as noted in Section 1, aircraft wake effects. The 
purpose of the aircraft wake effects algorithm is to describe the position 
of the spray cloud in space after wake effects have dissipated and atmos- 
pheric turbulence is the major mechanism controlling cloud dispersion. For 
present purposes, this point in space is referred to as the cloud stabili- 
zation point. At distances beyond the cloud stabilization point, the FSCBG 
code uses a Gaussian dispersion model for a finite line source which can 
treat dispersion from line sources formed at any angle with respect to the 
mean wind direction. The code uses the "tilted plume" concept to calculate 
deposition of drops at either the ground or canopy top. In the tilted 
plume concept, the axis of the spray cloud is assumed to be inclined from 
the horizontal plane by an angle that is proportional to (Vv, fa), where 
= is the graviational setting velocity of the jth drop-size category and 
u is the mean cloud transport speed. When evaporation is negligible, 


this angle is invariant with distance from the line source. For evaporating 


drops, the angle changes with distance from the source because V, depends 

on drop size. Evaporation effects on the drop size with Herts from the 
source Be versus distance for a given drop-size category) can be calculated 
by an algorithm within the code structure or can be based on fits of quad- 
ratic equations to empirical data. The code structure contains an algorithm 
which uses Monte Carlo simulation techniques and the output of the deposi- 
tion model at the canopy top to calculate the penetration of drops to 


various heights within a canopy and to the ground beneath the canopy. 


eed SPRAY SCENARIO 


A spray scenario was developed for use in examining the compati- 
bilty of the AGLINE code output with the computer model requirements of the 
FSCBG code for the coordinates of the cloud stabilization point and the 
distribution of spray material at this point. In the scenario, a Thrush 
aircraft is assumed to spray Xylene (a carrier for the pesticide Endrin) at 
heights of 5 and 30 meters. The aircraft was assumed to release Xylene at 
Aeratewol 1 2 fate along a line of 200 km in length to preclude any edge 
effects attributable to the finite line length. The spray releases at the 
two heights were assumed to be made during neutra Seep ey conditions 
(Pasquill stability category D) with a wind speed of 4m oi at a height 
of 10 m above the surface. The spray site was assumed to be flat terrain 


characterized by a roughness height (z) tee eis 


The inputs required by the AGDISP/AGLINE codes and the FSCBG 


codes for this scenario are described in Section 3. 


SECTION 3 
THE AGDISP, AGLINE AND FSCBG CALCULATIONS 


Bath THE AGDISP AND AGLINE CALCULATIONS 


The model input requirements of the AGDISP and AGLINE codes are 
described in detail by Teske (1982a, 1982b), Table 3-1 lists the inputs 
used in the AGDISP calculations referenced to the Card Number specification 
in the AGDISP user's manual. The inputs describing the characteristics of 
the Thrush aircraft are based on values used by Teske and Ekblad during a 
meeting held at Salt Lake City, UT in December 1982, where the use of the 
AGDISP and AGLINE codes was demonstrated to personnel of the H. E. Cramer 
Company. The calculations were made for the 16 drop-size categories shown 
in Table 3-2. The fraction of mass in each drop-size category is based on 
empirical data for Xylene obtained from Mr. John Barry, MAG, USDA Forest 
Service in Davis, CA. No evaporation of the Xylene carrier was assumed to 
occur in these or the FSCBG calculations described in Section 3.2. As 
shown in Table 3-1, the calculations were limited to a maximum travel time 
of 20 s. The output AGPLOT file from the AGDISP code was used as direct 
input to the AGLINE code. 


Because the FOM tended to increase until all drops were deposited 
on the ground, we arbitrarily selected 0.8 as the FOM value required at the 
point where the equivalent Gaussian distribution could be used to describe 
the source for the FSCBG model. Therefore, the mean height and the vertical 
and horizontal (alongwind) standard deviations of the equivalent Gaussian 
distributions were extracted from the AGLINE output when the FOM reached 
0.8. The equivalent Gaussian distributions output by the AGLINE code are 
given in Table 3-3 for the two release heights of 5 and 30 m. As shown in 
Table 3-3, the FOM never reached a value of 0.8 for drops with diameters 
greater than about 149 ym for the release at 5 m. This result might be 
expected because, at this low aircraft altitude, the drops with these large 


diameters impact the ground before an equivalent Gaussian distribution can 


TABLE 3-1 


- INPUTS FOR THE AGDISP CODE 


10 20 


Max Time 











* Inputs provided in Table 3-2. 


Ss 
Full Plane Solution 2 = 
Rectangularly Loaded Wing Z = 
Crosswind=Yes 1 > 
Semispan O20 

Height Sy Sil) 

Aircraft Speed 46.3 m ier 
Single Wing Aircraft 0 - 
Loading Circulation Value Bi. 84 ie a 
Wind Speed at Reference Height 4.0 m at 
Reference Height 10 m 
Surface Roughness Height 0.02 m 
Aircraft Drag Coefficient .07 m 
Planform Area of Aircraft PVRS) = 
Aircrait) Prop Efficiency (OMe) - 
Shaftspeed 1800 rpm 
Propeller Radius ies? m 
Propeller Offset -.2 m 
Fixed Value of Turbulence Used s 
Maximum Background Turbulence 0.337 are 
Maximum Value of the Background Turbulent 30 m 
Macroscale 

Half-Plane Particles 5 = 
Centerline Particle=Yes 1 = 
ParcticlesOriset 0 m 
Particle Diameter x - 
Particle Specific Gravity 0.868 - 
Evaporation=No 0 - 


TABLE 3-2 


DROP-SIZE DISTRIBUTION 


Mean Drop : Fraction of 
Diameter _ Total Mass 
(um) in Category 


Drop-Size 
Category 





TABLE 3-3 


- EQUIVALENT GAUSSIAN DISTRIBUTION PARAMETERS SELECTED 
FROM THE AGLINE RESULTS 


Release Drop act Downwind Boos ae Yee 
Height | Diameter Distance paneer ane e 


Release Deviation | Deviation 


(m) (um) (s) (m) (m) (m) 
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be achieved. An FOM of 0.8 was achieved for all the drop-size categories 


when the aircraft altitude of 30 m was used in the calculations. 


Because of funding limitations, we restricted the calculations of 
ground-level deposition using the FSCBG code to the release at the aircraft 
altitude of 30 m. It should be noted that the failure to achieve a high 
FOM value for the release at 5 m should not be interpreted as indicating a 
lack of compatibility between the AGLINE and FSCBG models. Both models 
would indicate that rapid near-field ground-level deposition of drops occurs 
for such a low release-height. The agreement between the ground-level 
deposition patterns predicted by the AGDISP and FSCBG models for low-level 


release should be examined when funds become available. 


Shy THE FSCBG CALCULATIONS 


Deposition calculations for the scenario described in Section tad 
were made using the FSCBG model under the following different assumptions 


about the position of the stabilized cloud: 


© The position and cloud dimensions are defined by the AGLINE 
output 
e The position and cloud dimensions are defined by the simple 


wake model currently incorporated within the FSCBG code 


e The position of the cloud is defined by the aircraft altitude 


(no aircraft wake models employed) 


The source and meteorological model inputs varied to some degree depending 
on the assumptions regarding the position of the stabilized cloud. The 
source inputs are given in Table 3-4 for the AGDISP/AGLINE and FSCBG wake 
models identified in the first column of Table 3-4 by the wake model desig- 
nation. As indicated in the table, the AGDISP and AGLINE model calculations 


10 


O 
3yu2 ST oO pue 


6 EGH 6 Sel 


*SiojoWl UT UOTSUSWTp 9d1NnoS 
Slajow uT JYSTeYy vOoTIeZTTTqeIaS VsyI ST H SSAajJoOW UT UOTIeZTTTGeys OF |VoURISTp puTMUMOp 3YyQ ST Xd 


aNLIOV 
/dSI1ddV 


vv ew Peep on [oe [oe [me 


(un) teqowetq doiq ue 


SNOILVINOTIVO NOILISOddd D8OSHA AHL WOH SLAdNI dOUXNOS 


7-£ TEV 


I 





i 


provide estimates of the the stabilization distance DX, mean source height 
H, and standard deviations of the equivalent Gaussian distribution for each 
drop-size category. Because only a single source dimension o, can be 

used in the current FSCBG model, the following expression for the geometric 
mean of the horizontal standard deviation On and vertical standard deviation 


1 


oy was used to define On for the FSCBG model calculations 


3 . Wire e 
Oo = (oy x oy) (3-1) 


As indicated in the Table 3-4, only the value of DX varies as a function of 
the drop-size category when the FSCBG model internally calculates the 
effects of aircraft wakes. The cloud stabilization height is always set 
equal to half the wingspan of the aircraft which is equal to 6.8 m for the 
Thrush. The source dimension oO, was obtained by dividing the wingspan by 
4.3, to yield 3.1 m. Finally, DX was set equal to 0, H equal to 30 m and 
x equal to 3.1 m for the deposition calculations made without considering 


wake effects. 


The meteorological inputs used in the FSCBG deposition calcu- 
lations are shown in Table 3-5. As noted in Section 2.3, the calculations 
were made for neutral atmospheric stability conditions and a mean wind 
speed of 4m ang at a height of 10 m. The mean wind speed u and the 
turbulence parameters oN and oF shown in Table 3-5 are mean values 
between a height of 2 m and the height H shown in Table 3-4 for the calcu- 
lations made using the AGDISP/AGLINE input parameters. For the FSCBG wake 
model and the calculations made without the wake models, the values of ue 
Py) and Oo, are mean values for the layer between 2 m and the aircraft 
altitude H. The height profiles used to obtain the mean values are based 
on the power-law expressions defined by Dumbauld (1982) for a net radiation 
index of 0 and mean wind speed of 4 m oe The values of o, in the 


A 
table are for a source function time t of 2.5 s and the roughness height of 
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TABLE 3-5 


- METEOROLOGICAL INPUTS FOR THE FSCBG DEPOSITION CALCULATIONS 















Mean 
Wind Speed 


u 
(m go 









Drop 


0, (t=2.5s) 
Diameter 


Wake 
Model 














(um) ) (deg) 





AGDISP/ 
AGLINE 





Parameters are not dependent on the drop-size distribution. 
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2 cm. The variation in on and oF for the calculations made using the 
AGDISP/AGLINE inputs is small and did not have an appreciable affect on the 


deposition calculations. 


The results of the deposition model calculations made under the 
three assumptions regarding wake effects are shown in Figure 3-1. There is 
little difference in the results obtained under all three assumptions in 
the first 300 m downwind from the source, except that the calculations made 
using the AGDISP/AGLINE inputs (solid line) show the peak deposition occur- 
ring slightly closer to the release line. This is likely due to the slightly 
lower wind speeds used with the AGDISP/AGLINE inputs. At longer downwind 
distances, the deposition estimates calculated under the assumption that 
wake effects do not affect the deposition (dotted line) are greater than 
those calculated using the wake models. This result is explained by the 
higher release height assumed in the calculations made without wake effects 
which allows drops to be transported to a longer distance before impacting 


the ground. 


It should be noted that the effect of the wake models on the 
deposition patterns is expected to decrease as the release height or air- 
craft altitude is increased. Thus, aircraft altitudes below the 30 m height 
used in these calculations may show greater differences in deposition levels 


than indicated in Figure 3-1. 
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DEPOSITION (mg m°) 









































































































































































































































































































































































































































































































































FIGURE 3-1. 


















































DOWNWIND DISTANCE (m) 


Results of the deposition calculations made using the FSCBG 
code. The solid line and dashed line respectively represent 
results obtained using inputs from the AGDISP/AGLINE codes and 
the FSCBG wake modcl. Results obtained made without 
considering wake effects are shown by the dotted line. 
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SECTION 4 
CONCLUSIONS AND RECOMMENDATIONS 


The AGLINE/AGDISP codes show promise of being a useful addition 
to the FSCBG modeling capability. However, the limited number of calcula- 
tions performed indicate that some modifications should be made in both the 
AGLINE and FSCBG codes before the full utility of a code merger can be 
established. For example, the sensitivity of the FSCBG deposition model to 
the choice of equivalent Gaussian distributions output by the AGLINE code 
as a function of the figure of merit (FOM) designation should be examined 
in further detail. Such a study may, for example, eliminate the require- 
ments for carrying out the AGDISP/AGLINE calculations for drops with small 
diameters to excessively long travel times. Also, an investigation should 
be made of the sensitivity of the FSCBG deposition calculations obtained 
from the AGDISP/AGLINE output to the flight altitude in conjunction with 
the examination of procedures for selecting equivalent Gaussian distribu- 
tions. Alternative or additional criteria for selecting the equivalent 
Gaussian distribution produced by the AGLINE code may be developed. Examin- 
ation of the AGLINE code output for the limited calculations made in this 
study indicates that, at least for near ground-level releases, large values 
of the FOM cannot be achieved from drops with large diameters where the 
gravitational settling velocity greatly exceeds the vertical velocities in 
the wake. On the other hand, the achievement of large values of the FOM is 
not likely necessary since the trajectories of very large drops are nearly 
ballistic and the ground-level deposition patterns of these drops is not 
very sensitive to wake effects. Thus an additional criteria such as the 
ratio of the mean vertical velocity of drops in a given size category to 
the gravitational settling velocity for this size category may provide an 
additional criteria for use in selecting the appropriate equivalent Gaussian 
distribution for input to the FSCBG model. An examination of the degree of 
agreement between ground-level deposition patterns predicted independently 
by the FSCBG and AGDISP codes for low-altitude releases may reveal other 


possible selection criteria. 
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Finally, a library of appropriate inputs for the various types of fixed-wing 
and rotor spray aircraft should be developed and complete automation of the 
selection of input parameters from the AGDISP/AGLINE codes to the FSCBG 

code should be accomplished before the full benefits of the merged code can 


be realized in applications to USFS spray programs. 
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